Objective: There is a lack of comprehensive understanding about patterns of weight change from pregnancy to childbirth and beyond. We describe the trajectory of weight change pattern from pre-pregnancy to 6 months postpartum and examine demographical and perinatal variables that predict the weight change using the latent growth model (LGM). Design and subjects: This study used a longitudinal design. The study participants were 120 women whose body weights were measured at eight time points. Results: The adjusted mean pre-pregnancy weight was 52.57 kg. When the weight growth rate for 10-13 weeks of pregnancy and pre-pregnancy weight was set to 1, the body-weight change rate was 2.20 during the second trimester, 2.14 during the third trimester, -2.90 during the period from the third trimester to 2-3 weeks postpartum, -0.08 during the period from 2-3 weeks to 4-5 weeks postpartum, -0.37 during the period from 4-5 weeks to 11-12 weeks postpartum, and -0.65 during the period from 11-12 weeks to 24-25 weeks postpartum. On average, body weight increased 26.54% (13.95 kg) from pre-pregnancy to 36-39 weeks of pregnancy and body weight remained 6.26% (3.29 kg) higher at 24-25 weeks postpartum compare with pre-pregnancy. In terms of factors related to body weight, age was positively associated with pre-pregnancy body weight. Parity had a negative effect on the change of body weight. Women who had an increased change rate in body weight had higher newborn birth weights. Conclusions: We found that weight change from pregnancy to postpartum followed a pattern that could be specified using the LGM approach. The women retained more than 6% of weight at 6 months postpartum compared with their pre-pregnancy weight.
Introduction
The World Health Organization's projection indicates that B1.6 billion adults are overweight (body mass index, BMI X25) and at least 400 million adults are obese (BMI X30) globally in 2005.
1 Applying the same criteria, one survey showed that 64% of adult women in the United States are overweight, and more than one-third (35.5%) are obese. 2 In a study of 32 834 women between 25 and 64 years of age in Taiwan, the prevalence of BMI X25 was 21.3%. 3 The prevalence of obesity in women is increasing. 2, 4, 5 Studies identified excessive weight gain during pregnancy as a risk factor for obesity in women. 6, 7 Follow-up studies reported that women who had an excessive gestational weight gain (GWG), and who had weight retention at 6 months or 1 year postpartum were more likely to be overweight 15 years later. [8] [9] [10] [11] [12] Both pre-pregnancy BMI and GWG are associated with pregnancy outcomes and postdelivery weight retention in women. 13 Obese pregnant women are at increased risk for gestational diabetes mellitus, hypertension disorder, infection and delivery by cesarean section [14] [15] [16] , and obesity increases risk for chronic illness in later life. [17] [18] [19] [20] The Institute of Medicine (IOM), recommends a GWG of 12.5-18 kg for underweight women (BMI o18.5 kg m À2 ), 11.5 to 16 kg for normal weight women (BMI, 18.5-24.9 kg m À2 ), 7-11.5 kg for overweight women (BMI, 25-29.9 kg m À2 ) and 5-9 kg for obese women (BMI
X30 kg m À2
). 20 In Taiwan, the recommended GWG is 10-15 kg for all women, which was not stratified by prepregnancy weight. 21 Several studies demonstrated that GWG exceeding the IOM recommendations increased health risks for mothers and fetus. 14, [23] [24] [25] Despite this, IOM recommendations for GWG were questioned for their application to women of non-Western ethnicity. 26 In addition, there are no recommendations for weight loss among women after delivery. There is a lack of comprehensive understanding about patterns of weight change from pregnancy to 6 months postpartum and beyond. Such knowledge could be used for further our understanding of weight change during pregnancy and after childbirth, and serve as a basis for development of guidelines for weight gain during pregnancy and weight loss after childbirth for Taiwanese women. The objectives of this study were to describe the trajectory of weight-change pattern from pre-pregnancy to 6 months postpartum and to examine demographical and perinatal variables that predict weight change using the latent growth model (LGM) to adjust for measurement errors.
Materials and methods
This study used a longitudinal design. The body weights of the women studied were measured at eight time points: prepregnancy, the first trimester of pregnancy (10-13 weeks), second trimester of pregnancy (22-26 weeks), third trimester of pregnancy (36-39 weeks), 2-3 weeks after delivery, 4-5 weeks after delivery, 11-12 weeks after delivery and 24-25 weeks after delivery. The data were collected from July 2005 to February 2006. This study was approved by the institutional review board of Taipei Veterans General Hospital.
Study participants
The women were recruited at two hospitals in the Taipei area. Women who delivered singleton healthy infants at the two hospitals, could read and write Chinese, had gestations X37 weeks, did not have perinatal complications and planned to stay in the Taipei area for at least 3 months after childbirth, were eligible for this study. Women who had just given birth at the study hospital and met the inclusion criteria were asked to participate in this study. The women who agreed to participate in the study gave informed consent, provided their contact information, and had home visits arranged to measure their body weights at four postpartum time points (2-3 weeks, 4-5 weeks, 11-12 weeks and 24-25 weeks postpartum). There were 316 women who met the inclusion criteria, of whom 174 (55.6%) agreed to participate in the study. The final sample included 120 women (69.0%) who completed the four postpartum home visits.
Data collection
An interviewer filled out a structured questionnaire at the first postpartum home visit (2-3 weeks after delivery). The structured questionnaire included demographical variables (age, education and occupation) and perinatal variables (infant birth weight, mode of delivery, parity and breastfeeding). Body weight before and during pregnancy was obtained by abstraction from the 'Mother's Manual.' Every pregnant woman in Taiwan is given the Mother's Manual at around 10 weeks of pregnancy by the hospitals that perform prenatal care. The pre-pregnancy weight was obtained by maternal recall at their first prenatal visit. For obtaining body weight during pregnancy, the staffs of prenatal care clinics measured and recorded body weight of the pregnant women during each prenatal visit, then returned the Mother's Manuals to the mothers. Women were asked to wear light clothes and take off their shoes, then stand on a scale as part of the standard procedure for weight measurement.
Body weight after childbirth was measured by the research personnel during postpartum home visits using the TANITA UM-014 scale (Ciao Co., London, England, UK). The abovementioned standard procedure for weight measurement was followed.
Sample size considerations
We assumed that the adjusted variance was 0.25 and six risk factors related to the body weight were examined. 27 When the power was set to 0.8 and a to 0.05, the sample size needed was 80, as calculated by the PASS software (PASS Inc., Rotterdam, The Netherlands). 28 
Data analysis
Individual variables and body-weight data collected at the eight time points were analyzed for percentages, means, and s.d.s. Descriptive analyses were performed using the SPSS 16.0 software package (SPSS Inc., Chicago, IL, USA). The weight-change pattern was examined using LGM. Unspecified growth models were used in this study as the shapes of the trajectories of weight change by time point were not clear. The LGM model estimated means and variances for the intercept factors and slope factors. In this study, intercept factors were the baseline (pre-pregnancy) weights. Slope factors were the average change rate between adjacent time points. The unstandardized loadings of all observed variables on the intercept factor were fixed to 1.0, whereas the loadings on the slope factor were fixed to 0 for the weight at the first time point, 1 for weight at the second time point, and free estimate parameters (l) for the weights at the other time points. 29 Weight change from pregnancy to postpartumn C-F Lee et al
Demographical and perinatal variables were included in the LGM as static predictors for initial weight and weight change at eight time points, except for breastfeeding. As breastfeeding might affect body weight only after delivery but not before or during pregnancy, we constructed a submodel of the LGM to examine breastfeeding as a predictor for weight change at the four time points after childbirth.
Overall model fit was assessed using w 2 statistics, the ratio of the w 2 statistics to the degrees of freedom, the comparative fit index and the non-norm-fit index. A value X0.9 for the non-norm-fit index and comparative fit index, a value o3 for w 2 /d.f. and a value p0.08 for the standardized root-meansquare residual, which usually signals a good model fit. Values p0.05 or between 0.05 and 0.10 for the root-meansquare error approximation indicates good fit or moderate fit, respectively. [28] [29] The LISREL 8.8 software package was used to examine the LGM models (Scientific Software International Inc., Lincolnwood, IL, USA).
Results

Participant characteristics
Mean age of the study participants was 32.19 years (s.d. ¼ 4.38; range, 18-43). More than 50% of the participants were primipara. The rate of cesarean section was 22.5%. More than two thirds of women who participated in the study (67.5%) worked full-time. Most women had an educational level of university or higher (69.1%). The mean birth weight of the newborns was 3190.91 g (s.d. ¼ 386.61; range, 2380-4040 g). About 40% of women breastfed for more than 6 months and 3% of women did not breastfeed at all (Table 1) .
Mean body-weight measurements
Mean body weight among study women from pre-pregnancy to 6 months postpartum is shown in the Table 3 . After adjustment for measurement errors, the estimate for the intercept (mean pre-pregnancy body weight) was Mi ¼ 52.57 kg, Po0.001. The adjusted mean pre-pregnancy weight was close to the observed mean (52.62 kg; Table 2 ). Weight change from pregnancy to postpartumn C-F Lee et al
There were substantial individual differences in prepregnancy body weight as evidenced by the large variance for the intercept (Vi ¼ 41.08, Po0.001). The mean slope was Ms ¼ 2.61, Po0.001, indicating that there were significant changes in body weight. The variance for the slope factor was Vi ¼ 0.28, Po0.01, suggesting significant individual differences in rate of change in body weight. The covariance between the intercept and slope was 0.96, Po0.05, suggesting a significant positive association between pre-pregnancy body weight and change rate of body weight.
To enhance the visual presentations, we present path results for the model in Figure 1 . The estimates for the slope parameters at the eight time points showed that the bodyweight gain of women from pregnancy to the postpartum period was non-linear (downward U shape). Body-weight changed significantly with time for all eight time points. The path coefficient for a time point minus the path coefficient for the adjacent previous time point was defined as the change rate of body weight during the period between the two time points. Therefore, the body-weight change rate was 2.20 during the second trimester, 2.14 during the third trimester, À2.90 during the period from the third trimester to 2-3 weeks postpartum, À0.08 during the period from 2-3 weeks to 4-5 weeks postpartum, À0.37 during the period from 4-5 weeks to 11-12 weeks postpartum and À0.65 during the period from 11À12 weeks to 24-25 weeks postpartum.
Applying the mean slope to the developmental curve (mean slope Â coefficient at 36-39 weeks of pregnancy ¼ 2.61 Â 5.34 ¼ 13.95), the average body-weight increased 26.54% (13.95/52.57) from pre-pregnancy to 36-39 weeks of pregnancy. The slope loadings continuously decreased during the postpartum period and the average body-weight remained 6.26% (1.26 Â 2.61 ¼ 3.29; 3.29/52.57) higher at 24-25 weeks postpartum than at pre-pregnancy.
Predictors of body weight
We added demographical and perinatal characteristics that we thought could influence pre-pregnancy body weight and change rates of body weight with time to the LGM. These variables have been related to weight change during pregnancy and postpartum weight retention in previous studies. 6, 20, 22, [30] [31] [32] [33] The results are shown in Table 4 .
Age was positively associated with pre-pregnancy body weight (b ¼ 0.32, Po0.01). Parity had a negative effect on the slope factor (b ¼ À0.21, Po0.01), meaning that women with lower parity had greater changes in body weight (the rates of change in body weight increased during pregnancy and decreased during the postpartum period). The slope factor had a positive effect on newborn birth weight (b ¼ 0.21, Po0.01), meaning that women who gained more weight during their pregnancies had newborns with heavier birth weights; and women who had newborns with heavier birth weights lost more weight during the postpartum period.
We further tested breastfeeding as a predictor for weight change at the four time points after childbirth, which Table 3 LGM results for body-weight change over time using only eight body-weight measurements at various time points To enhance the visual presentations, we presented the path results of the model in Figure 2 . After the significant perinatal and demographical variables were included in the model, the intercept decreased, while mean slope and slope for the eight time points increased compared with the previous model (Table 3) . But the pattern of weight change with time remained quite similar. The model demonstrated acceptable fit indices (w 
Discussion
This preliminary study demonstrated that weight change from pregnancy to 6 months postpartum followed a pattern that could be specified using the LGM approach, despite substantial individual differences in pre-pregnancy weight. In the second (2.20) and third (2.14) trimesters of pregnancy, the rate of weight gain was more than two times that of the first trimester; the highest weight gain was in the second trimester. After adjustment for measurement errors, our results were consistent with most of the recommendations for trimester-based GWG in Taiwan in which the women experienced about equal weight gains during the second (5 kg) and third (5-6 kg) trimesters, and much lower weight gains in the first trimester (1-2 kg). In terms of weight changes in kilograms by trimester, our results showed higher weight gains than recommended in Taiwan for the first and second trimesters (crude: 2.55, 5.74, and 5.53 kg for the three trimesters, respectively; adjusted: 2.61, 5.74, and 5.58 for the three trimesters, respectively). This finding suggests the importance of monitoring body weight during pregnancy. Intervention during pregnancy may be needed for women who gain more than the recommended weight.
Unlike the trimester-based GWG, the mean GWG of 13.92 kg in this study was within the total recommended GWG of 10-15 kg in Taiwan. There are inconsistencies in the recommendations for the trimester-based GWG and total GWG in Taiwan, in which the sum of the trimester-based GWG is between 11 and 13 kg, whereas the recommended total GWG is 10-15 kg. There is a need to further develop Table 4 LGM results for body-weight change over time when demographical and perinatal variables were added to the model Weight change from pregnancy to postpartumn C-F Lee et al GWG guidelines in Taiwan to solve these discrepancies. In view of timely intervention, recommendations for trimester-or week-based GWG may be more meaningful than total GWG. After delivery, the rate of weight decrease followed a pattern of downward rates of weight decrease with time. The largest amount of weight loss occurred in the first 2-3 weeks postpartum, then continued, but at a slower rate, until 24-25 weeks postpartum. Despite the decreasing weight with time after delivery, there was an average of 3.29 kg (or 6.26% of pre-pregnancy weight) of pregnancy weight-gain retained after birth among the study women. Few women (n ¼ 25; 20.8%) returned to their pre-pregnancy weight. This finding is consistent with previous studies, suggesting that pregnancy and childbirth increased the risk for obesity among women. 32, 34, 35 Given the adverse health consequences of obesity, there is a need to develop guidelines to help women monitor their weight change after childbirth. This preliminary study suggested that it is possible to model weight-change patterns from pre-pregnancy to postpartum. We believe that this approach may be useful in exploring a healthy weight-change pattern and providing a thorough picture of body weight among pregnant women. For example, GWG at different time points during pregnancy, and postpartum weight loss at different time points after delivery could be specified. These could be used as a basis to develop time-specific weight recommendations for women. A large-scale population-based study with a followup of at least 1 year is required to establish weight-change patterns covering periods before, during and after pregnancy/delivery.
Another advantage of using LGM is that we could distinguish whether the related factors were predictors of pre-pregnancy body weight or changes in body weight during pregnancy and after childbirth. Using this approach, we found that increased age was related to increased prepregnancy body weight, but not to body-weight changes during pregnancy and after delivery. Although parity and infant birth weight were related to changes in maternal body weight during pregnancy and after delivery, they were not related to pre-pregnancy body weight. Our results agree with previous studies showing that age, parity and infant birth weight were related to body weight among women. 13, [35] [36] [37] [38] Nonetheless, our results were more specific in reporting whether the influences of these factors were on prepregnancy body weight or pregnancy or birth-related body-weight changes.
Walker and Freeland-Graves 39 found that the method of infant feeding (bottle versus breast) was not associated with weight gain at 4 months postpartum. Rooney et al. 12, 40 reported that women who breastfed beyond 12 weeks had lower BMI and weight gains 15 years later, but their weight retention at 6 months postpartum was not significantly different from mothers who did not breastfeed. Other studies found that breastfeeding mothers had significantly lower weight retention at 6 months postpartum. 33, [41] [42] We did not find a significant effect of breastfeeding on the weightchange pattern up to 6 months postpartum in this study. Further studies should be carried out to determine whether breastfeeding influences postpartum weight change when dietary intake and physical activity are fully considered. The finding that pre-pregnancy body weight was positively related to slope suggests that women with higher prepregnancy weights gained more weight during pregnancy and lost more weight after delivery. This pattern is not in concurrence with the IOM recommendations that heavier women should gain less weight during pregnancy, suggesting the need for more attention on this issue. In addition, although the US IOM recommendations are based on the pre-pregnancy BMI, the recommendations in Taiwan do not take the pre-pregnancy BMI into consideration. Updating the recommendations on GWG based on the pre-pregnancy BMI is needed in Taiwan.
Limitations
We obtained body weights during pregnancy from the Mother's Manual (records of prenatal checks) and measured postpartum body weights during home visits, rather than depending on self-reported body weights. As a result, the sample size was limited. But the upside is that the data are more reliable than using maternal recall because women may under report their weight. Unfortunately, we had to rely on the Mother's Manual for the pre-pregnancy weight, which was based on maternal recall at their first prenatal visit (10-13 weeks gestation). Although we believe that women reported their weight honestly, because it is part of the background information composing prenatal checks, we had no way to validate the accuracy of the pre-pregnancy weight. A more accurate way of measuring the pre-pregnancy weight is warranted in future studies. This study only followed measurement of body weight up to 6 months postpartum. Further study is needed to determine whether weight retention at 6 months postpartum leads to future obesity and health problems in Taiwanese women. Population-based samples with larger sample sizes and longer periods of follow-up are needed to gain full knowledge of pregnancy weight gain and postpartum weight loss. In addition, a fixed schedule of body-weight measurement may be needed for a more meaningful comparison.
Conclusions
We found that weight change from pregnancy to 6 month postpartum followed a pattern that could be specified using the LGM approach. At 6 months postpartum, women weighed an average of 6.26% (3.29 kg) higher than their pre-pregnancy weight. The results suggest that pregnancy is a risk factor for weight gain among women. There is a need for a more complete understanding of weight changes during pregnancy and the postpartum period to develop Weight change from pregnancy to postpartumn C-F Lee et al guidelines for Taiwanese child-bearing women. We suggest LGM is a useful tool for modeling weight change in future studies for development of guidelines for postpartum weight loss.
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